Background
Escherichia coli, a member of Enterobacterales is a natural inhabitant of the intestinal tract of humans and animals and thus found in various ecological niches such as soil, water, vegetables and so on. [1] [2] [3] Escherichia coli is a useful indicator organism for antimicrobial resistance surveillance (because it easily acquires and transfers resistance genes) and it is versatile, being facultatively pathogenic with the pathogenic variants associated with intestinal (enteritis) and extra-intestinal infections, including urinary tract infection, meningitis, peritonitis, and septicemia in humans. 1, 2, 4 Extendedspectrum cephalosporins (ESCs) which include the third (e.g., ceftazidime, cefpodoxime), fourth and fifth generation cephalosporins, and cephamycin (cefoxitin: FOX) are critically-important antibacterial agents of the highest priority in managing serious E. coli infections in humans and animals. [5] [6] [7] In Enterobacterales, extendedspectrum β-lactamases (ESBL) inhibited by clavulanic acid and Ampicillinase C (AmpC) which is not inhibited by clavulanic acid mediate resistance to ESCs, but cephamycin (FOX) resistance is conferred only by AmpC. 7 Inappropriate use of any ESC and/or non-ESCs β-lactams stimulates resistance against all generations of cephalosporins in Enterobacterales. 5, 7 There is increased interest in ESC-and cephamycin-resistant E. coli strains because these organisms jeopardize ESC/cephamycin therapy, and exhibit resistance to all β-lactams (except carbapenems) and other classes of antibacterial agents including chloramphenicol (CHL), fluoroquinolones, trimethoprim and sulphonamide. [8] [9] [10] The World Health Organization (WHO) recently classified ESC-/ cephamycin-resistant Enterobacterales as "critical priority 1 pathogens" that pose a threat to human and animal health and against which new management strategies and researches documenting their occurrence in different reservoirs are urgently needed. 8 The University of Nigeria, Nsukka (UNN) is a federal university located in Enugu State, Southeast Nigeria. The student population of UNN comprised individuals from various backgrounds and places within and outside the country. The use of antibacterial agents, including critically important ones (such as ESCs and FOX) is not controlled in Nigeria. 11, 12 The third-generation cephalosporins (3GCs), particularly ceftazidime and cefpodoxime, are readily available over-the-counter and are often used as first-line therapy in the management of virtually all infections (diagnosed and undiagnosed) in humans and animals in Nigeria. 12, 13 Therefore, recovered and asymptomatic healthy individuals may harbor ESC-/ FOX-resistant and/or ESBL-P E. coli. These organisms harbored by these individuals could be discharged into the environment, thus serving as reservoirs and disseminators of genes encoding ESC/FOX resistance/ ESBL production. 5, 12 These genes present in the discharged E. coli could be acquired by horizontal transfer to other pathogenic human/animal bacteria, thereby complicating the infection and compromising antibacterial therapy. 12.14 Because of poor personal hygiene and environmental sanitation (defecation in open field/farmland and poor toilet facilities) in UNN students' hostels, these organisms could easily spread among the students (by direct contact with carriers and/or indirect contact with contaminated fomites and consumption/ingestion of contaminated food/drinking water) and the public thus posing a threat to the health of infected individuals. 5, 14, 15 Evidences support zoonotic transmission of ESC/FOX-resistant/ ESBL-P E. coli from humans to animals and vice versa. 16 In the available literature, there are numerous studies [17] [18] [19] on the occurrence and antibiogram of ESC-/ FOX-resistant and ESBL-/AmpC-P E. coli in hospitalized (in-and out-) patients and the community, including Nigeria. [20] [21] [22] [23] However, reports on the colonization of healthy asymptomatic individuals by these organisms are rather scanty. [17] [18] [19] Studies which assessed the occurrence of ESC-resistant/ESBL-/AmpC-P E. coli in asymptomatic healthy university students included that of Kader et al. in Saudi Arabia, 24 Chirindze et al in Mozambique, 25 Li et al in China 26 and Lonchel et al in Cameroun. 27 Recently, Chukwunwejim et al screened asymptomatic students in Nnamdi Azikiwe University (NAU) located in Anambra State, Southeast Nigeria and reported 7.3% ESBL-P E. coli occurrence. 13 The potential of healthy students in the University of Nigeria as reservoirs of ESC-/FOX-resistant and ESBL-P E. coli has remained uninvestigated.
Objective
Surveillance and determination of the antibiogram of ESC-and FOX-resistant Enterobacterales are crucial for controlling the spread of these organisms and for targeted empiric therapy in infected individuals. Therefore, this study was undertaken to screen asymptomatic healthy students in the University of Nigeria as potential reservoirs of ESC-and FOX-resistant and ESBL-P E. coli.
Materials and Methods

Study Site
This study was done in the UNN. UNN is a federal university located in Nsukka, Enugu State, Southeast Nigeria. It is geographically located at coordinates A total of 190 apparently healthy asymptomatic students in UNN were randomly selected. Students with diarrhea and/or any obvious symptoms of illness were excluded from the study. Each of the selected students who gave written free and informed consent in accordance with the declaration of Helsinki 28 was given a sterile swab stick and taught how to collect anal swab aseptically. They were asked to collect the samples in the morning and deliver to the researcher within 30 minutes to avoid deterioration. Each subject collected and submitted a non-duplicate anal swab; these swabs were transported on ice packs to the Microbiology Laboratory, Department of Pharmaceutical Microbiology and Biotechnology, UNN and processed on the day of collection.
Isolation and Identification of ESC-Resistant Escherichia coli
The anal swabs were cultured on MacConkey agar (MCA) with 2 µg/mL ceftazidime and incubated at 37 ∘ C for 24 hours in ambient air. One colony per sample with putative E. coli morphology (non-mucoid/slightly mucoid, medium-sized pinkish colonies) was purified by sub-culturing on plain MCA and incubated at 37 o C for 24 hours. Pure cultures of the isolates were phenotypically characterized by subjecting them to various tests such as gram staining, citrate, indole and triple sugar iron agar tests and sub-culturing on eosin methylene blue agar followed by incubation at 37 o C for 24 hours in ambient air. 29 The isolates with characteristic greenish metallic sheen appearance on eosin methylene blue agar (E. coli) were sub-cultured onto nutrient agar slants, incubated at 37 o C for 24 hours and stored in refrigerator at 4 o C as stock cultures until needed for further analysis.
Determination of Antibacterial Susceptibility of ESCResistant Escherichia coli Isolates From Students
Antibacterial resistance/susceptibility profiles of the E. coli isolates were determined by the disc diffusion method on Mueller-Hinton agar (Oxoid, Basingstoke, UK) according to the guidelines of Clinical and Laboratory Standards Institute, 30 using 10 antibacterial agents (Oxoid, Basingstoke, United Kingdom) belonging to 6 classes: β-lactam/cephalosporin: ceftazidime (CTZ: 30 µg), ampicillin (AMP: 10 µg), and meropenem (MEM: 10 µg), tetracycline (TET: 30 µg), aminoglycosides: streptomycin (STR : 10 µg) and kanamycin (KAN: 30 µg), fluoroquinolones: enrofloxacin (ENR: 5 µg) and ciprofloxacin (CIP: 5 µg), phenicols: chloramphenicol (CHL; 30µg), and folate pathway antagonists: sulfamethoxazole/trimethoprim (SXT: 25 µg). E. coli ATCC (American Type Culture Collection) 25922 was used as the reference strain. The results of the antibacterial resistance/susceptibility testing were interpreted according to the CLSI guidelines for members of the family Enterobacteriaceae. 31 An isolate resistant to agents in ≥3 classes/categories was considered multidrugresistant (MDR). 32 Detection of Extended-Spectrum β-LactamaseProducing Escherichia coli Strains The isolates were screened for ESBL production using the combination disc method (cefpodoxime/clavulanic acid [10:1 µg] and cefpodoxime alone [10 µg]) on MuellerHinton agar following CLSI guidelines. 30 ,31 E. coli ATCC 25922 was used as the reference strain. An isolate that produced an inhibition zone with a diameter difference of 5 mm or more between the combination disc and cefpodoxime alone was considered as ESBL-producer.
30,31
Assessment for Cephamycin Resistance The isolates were evaluated for cephamycin resistance using FOX disc (30µg) screening on Mueller-Hinton agar following CLSI guidelines. 30 E. coli ATCC 25922 was used as the reference strain. An isolate that produced an inhibition zone with a diameter of less than or equal to 14 mm was considered FOX-resistant (putative AmpCproducer).
Results Out of 190 anal swabs cultured, 20 (10.5%) demonstrated growth of E. coli. None (0.0%) out of the 20 ESC-resistant E. coli isolates was ESBL-producer, but 6 (30%) exhibited FOX resistance hence putative AmpC-producers.
Of the 20 ESC-resistant isolates, all (100%) were resistant to AMP, 6 (30%, 95% CI: 9.9-50.1) to CHL, 17 (85%, 95% CI: 69.4-100.0) to CIP, ENR and STR, 13 (65%, 95% CI: 44.1-85.9) to KAN while 19 (95%, 95% CI: 85.4-100.0), including the 6 FOX-resistant strains, were resistant to CAZ, TET and SXT (Table 1 ). All the isolates were susceptible to MEM. Among the 20 isolates, 1 (5%) was resistant to 2 classes of antibacterial agents whereas 19 (95%) were resistant to at least 4 classes of antibacterial agents ( Table 2 ). The isolates exhibited 11 multiple antibacterial resistance patterns with AMP, CAZ, FOX, TET, CIP, ENR, STR, KAN, SXT being predominant (n = 5).
Discussion
The fact that 20 (10.5%) of the 190 non-duplicate anal swab samples cultured using MacConkey agar with 2µg/ mL of CTZ (a 3GC) demonstrated growth, suggesting that a sizeable percentage of asymptomatic healthy students in UNN are colonized by ESC-resistant E. coli. Isolation of these ESC-resistant E. coli strains suggested that the isolates produced ESBL and/or AmpC. 7, 10, 12 It also suggested that either the students already harbored these organisms in their gut or they acquired them from their environment. 10 It equally suggested selection of CTZ probably due to the frequent use of 3GCs in the sampled individuals. This finding of ESC-resistant E. coli in healthy students calls for concern because these students are putative reservoirs and disseminators (by faecal shedding) of these organisms into the environment (students in UNN often defecate in open field/farms), thereby posing a threat to the health of individuals that get in direct and/ or indirect (contaminated fomites such as books, bed and desk surfaces, etc) contact with them. 5, 12 These are MDR organisms exhibiting cross-resistance to other classes of The 10.5% ESC-resistant E. coli occurrence in this study is higher than 9% ESC-resistant E. coli occurrence in 150 stool samples of healthy students in a Cameroonian University. 27 However, it is lower than 12.7% ESC-resistant E. coli occurrence in stool specimens of 275 healthy students in a Mozambican University. 25 Differences in the result of the studies could be related to variation in the type of sample collected, concentration and type of ESC used for primary isolation, degree of contamination of students' food, drinking water and/or environment, level of hygiene practiced by the students, and usage of ESCs in the study areas. In the current experiment, 2 µg/mL CTZ in MCA was used for the primary isolation whereas MCA with 1.5 µg/mL cefotaxime and 1 µg/mL ceftriaxone was used for primary isolation in the studies conducted in Cameroon 27 and Mozambique, 26 respectively. Possible sources of these ESC-resistant E. coli in the sampled students were nosocomial following the previous visitation to hospitals, contact with contaminated fomites in the school environs or elsewhere, contact with carriers/infected individuals (humans and/or animals), and/or consumption/drinking of contaminated food/water. 10, 17 However, the use of non-ESC β-lactam antibiotics has also been reported to stimulate ESC resistance in Enterobacterales. 7, 17 In this study, 0.0% occurrence of ESBL production was observed suggesting that none of the ESC-resistant E. coli isolates was an ESBL-producer. This finding may not be surprising because of the health status (asymptomatic and healthy) of the sampled students. However, since the medical history of the sampled students was not assessed, it would be difficult to attribute the observed zero ESBL-P E. coli occurrence to non-use of antibiotics in the last 6 months or visitation to hospital in the past 3 months prior to sampling. These factors have been reported as risk factors for colonization of healthy individuals with ESBL-P enterobacteria. 25 Nonetheless, the absence of ESBL production in this study may suggest that these students have not acquired ESBL-P strain of E. coli. It also suggested that these students might not have been treated with ESC/CTZ, thus the isolates exerted no preference to CTZ. Therefore, finding the CTZ resistance without ESBL production in this study suggested selection of oxyiminocephalosporin (3GC) by other mechanisms of β-lactam resistance such as production of other β-lactamases, change in cell wall permeability, expression of active efflux pumps, gene mutations and/or alteration of penicillin binding protein receptors. 2, 7, 33 However, production of AmpC could be the mechanism by which the 6 FOXresistant isolates in this study preferred to CTZ since resistance to ESCs is mediated majorly by ESBL and/or AmpC which confers FOX resistance. 7, 10, 11, 25 The finding of 30% FOX-resistant (putative AmpC-producers) E. coli in this study also calls for concern because AmpC-P enterobacteria are MDR as also observed in the current experiment. Chirindze et al. 25 also used FOX disc screening and observed 46% FOX-resistance among 35 non-duplicated ESC-resistant/ESBL-P E. coli isolates from healthy students in a university in Mozambique.
The absence of ESBL production among 20 nonrepetitive ESC-R E. coli isolates (from 20 students) in this study contrasted the reports of Lonchel et al and Chirindze et al stating that 6 and 12.7% non-duplicate faecal ESCresistant E. coli isolates from 150 and 275 healthy students in a university in Cameroon 27 and Mozambique, 25 respectively, were ESBL-producers. It also contrasted the results of other studies in which the carriage rate of faecal ESBL-P E. coli was 13.1% among 426 students in Saudi Arabia 24 and the occurrence of faecal ESBL-P Enterobacteriaceae (Klebsiella pneumoniae and E. coli) was 11.3% among 53 students in China, 34 respectively. However, the result (0% occurrence of faecal ESBL-P E. coli) of this study is similar to 0.0% faecal ESBL-P E. coli occurrence in anal swabs of 1998 healthy persons in Indonesia 35 and 517 asymptomatic young adults (army (1) 19 (95) recruits) in France. 36 Elsewhere, the occurrence of faecal ESBL-P E. coli was reported to be 0.1-69.3% among healthy individuals. [17] [18] [19] It is worth to note that Chukwunwejim et al used double disc synergy test method and detected 20 (7.3%) ESBL-P E. coli strains among 63 E. coli isolates from stool specimens of 273 asymptomatic students in NAU located in Anambra State, southeastern Nigeria. 13 The variation in the results of the studies may reflect the differences in the number of samples analyzed and usage of ESCs and other antibacterial agents in the various study areas. In this experiment, combination disc method employing cefpodoxime and cefpodoxime-clavulanic acid combination was used. This method is recommended for phenotypic detection of ESBL production though it is not as sensitive as the molecular method. 12, 31 However, increasing the sample size might have increased the likelihood of detecting ESBL-P strains among ESC-R E. coli isolates from students in UNN. However, the absence of ESBL-P E. coli in asymptomatic students in UNN should be maintained by instituting antibacterial stewardship programs. This is because if ESBL-P E. coli strains eventually emerge in healthy students, it will spread fast in human and animal population in the school and the country thereby posing a serious threat to public health.
Almost all the isolates (95%) in this study were MDR because of the fact that they were ESC-/FOXresistant strains. 7, 11, 12, 14, 17 This portends danger in future antibacterial therapy in the sampled individuals because of limited options for therapy. 5, 7, 11, 14 Interestingly, none of the MDR isolates in this study exhibited resistance to MEM (a carbapenem) which is a last-resort drug for managing infections associated with MDR Enterobacterales. 7, 11, 12 This finding suggested that MEM may not have been abused in human clinical practice in Nigeria or that the sampled students have not been treated previously with a carbapenem.
Conclusion
This study has shown that ESC-and FOX-resistant (putative AmpC-P) E. coli are harbored by a sizeable percentage (10.5%) of asymptomatic healthy students in UNN although colonization of healthy students in UNN by ESBL-P E. coli strains seems to be uncommon. UNN students colonized by ESC-/FOX-resistant E. coli strains are potential disseminators of these organisms into the environment. This portends serious danger to public health because these are MDR organisms capable of jeopardizing antimicrobial therapy in infected individuals. The spread of ESC-/cephamycin-resistant E. coli strains could have a huge impact on the ecology and epidemiology of antibacterial resistance in Nigeria. Therefore, attention should be paid to the use of ESCs and FOX in Nigeria. However, further studies to determine the genes encoding β-lactamases and AmpC in the isolates are recommended.
